Introduction
Extrapyramidal symptoms (EPS), which include a wide variety of movement disorders, such as parkinsonism, dystonia, dyskinesia, and akathisia, are a major class of adverse effects associated with antipsychotic medications. 1, 2 Minimizing the incidence submit your manuscript | www.dovepress.com
Dovepress

1382
gopal et al of EPS is important from clinician, patient, and family perspectives, and important for treatment adherence. 3 All dopamine D 2 receptor antagonists, including paliperidone, have the potential to cause EPS via their ability to influence nigrostriatal dopaminergic transmission. [3] [4] [5] Although secondgeneration antipsychotics are associated with a reduced risk of EPS-related treatment-emergent adverse events (TEAEs) compared with the first-generation antipsychotics, 2,6-9 at higher doses, the risk for EPS-related TEAEs increases, particularly for akathisia. 1, 10 Paliperidone palmitate, the long-acting injectable (LAI) form of paliperidone, is approved for once monthly intramuscular injection. 11 Because doses of paliperidone-LAI can be expressed both in terms of milligram equivalents (mg eq.) of the pharmacologically active fraction, ie, paliperidone, and in milligrams of paliperidone-LAI, the doses expressed as paliperidone-LAI 50, 100 and 150 mg eq. equate to 78, 156, and 234 mg, respectively, of paliperidone-LAI. The recommended treatment regimen for paliperidone-LAI includes an initiation regimen of 150 mg eq. on day 1 and 100 mg eq. on day 8 (both in the deltoid muscle), 12 followed by monthly deltoid or gluteal injections within the recommended maintenance range (25-150 mg eq.). 12 The use of higher doses to initiate treatment ("loading doses") with antipsychotics is limited to medications with long half-lives. The reported relationship between higher maintenance doses of risperidone LAI and increased rates of EPS-related TEAEs 13 raises concern that the use of a "loading dose" approach with paliperidone-LAI might increase the risk for EPS.
We conducted a pooled analysis of a comprehensive clinical trial data set in order to understand more clearly the incidence and time course of EPS-related TEAEs when initiating and continuing treatment with the paliperidone-LAI formulation. We compared these results with those observed on treatment with the oral paliperidone extended-release (ER) formulation. These posthoc analyses of data from the company-sponsored trials were designed to address four commonly encountered clinical questions associated with the initiation regimen of paliperidone-LAI:
• What is the time period when the highest incidence rates of EPS-related events are observed? • Are EPS-related events dose-related?
• How do incidence rates of EPS-related events associated with paliperidone-LAI compare with those for oral paliperidone? • Given the high doses used for the recommended initiation regimen, is the incidence of EPS-related events elevated during the first weeks of treatment with paliperidone-LAI relative to initiation of oral paliperidone?
Materials and methods clinical study selection
Structuring the analyses to compare the EPS-related data across trials at specific time points after treatment initiation with paliperidone allowed us to assess any differences in EPSrelated events between the two paliperidone formulations. [14] [15] [16] [17] [18] [19] [20] Studies of paliperidone that met the following criteria were included in the posthoc analysis: Since access to patient level data was required for this analysis, non-company-sponsored studies were excluded. Based on the above criteria, three oral paliperidone studies of 6 weeks' duration (pooled numbers: placebo, n = 355; oral paliperidone, n = 963) and four paliperidone-LAI studies of 9 to 13 weeks' duration (pooled numbers: placebo, n = 510; paliperidone-LAI, n = 1293) were identified ( Table 1) . The studies are already published in detail. [14] [15] [16] [17] [18] [19] [20] All studies included in the posthoc analysis were adequately powered originally to assess efficacy (based on the change from baseline to endpoint in PANSS total score). Although safety was a secondary objective, the studies were not powered to detect any differences in safety outcomes, such as EPS rating scales or adverse event incidence rates.
An independent ethics committee or institutional review board at each study site approved the protocols of the studies included in this analysis. The studies were conducted in accordance with the ethical principles originating in the Declaration of Helsinki and International Conference on Harmonisation Good Clinical Practice guidelines, applicable regulatory requirements, and in compliance with the protocols. All patients (and their legally acceptable a all studies had a placebo arm as one of the randomization arms; because doses of paliperidone lai can be expressed either in mg eq. of the pharmacologically active fraction, paliperidone, or in mg of paliperidone lai, the doses expressed as 25, 50, 100, and 150 mg eq. equate to 39, 78, 156, and 234 mg, respectively, of paliperidone lai. Abbreviations: mg eq., milligram equivalents; lai, long-acting injectable.
representatives, if required by local regulations) provided written informed consent.
ePs-related safety parameters selected
The safety parameters chosen were EPS severity as assessed using the Abnormal Involuntary Movement Scale (AIMS), Simpson-Angus Scale (SAS), and Barnes Akathisia Rating Scale (BARS) scores; incidences of spontaneously reported TEAE rates of Medical Dictionary for Regulatory Activities (MedDRA) preferred terms (version 11 or above) grouped under the prespecified categories of parkinsonism, tremor, dystonia, hyperkinesia, and dyskinesia; and the proportion of patients who used anti-EPS medications.
ePs rating scales
Investigators blinded to treatment assignment assessed EPS severity using EPS rating scale scores, consistent with standard clinical trial practice. 21 The AIMS total scores were calculated to evaluate the presence and severity of dyskinesia by summing items 1 to 7 of the 12-item scale. 22, 23 The SAS total scores were calculated to evaluate the presence and severity of parkinsonism by summing items 1 to 10. 23, 24 Total score for BARS, rated from 0 to 3, was calculated for drug-induced akathisia. 25 In the oral paliperidone studies, assessments were completed one week before randomization and on days 1, 8, 15, 22, 29, 36 , and 43. In three paliperidone-LAI studies, assessments were completed on days 1, 8, and 92, and in the fourth LAI study, they were completed on days 1, 8, 15, 36, 43, and 64.
Treatment-emergent ePs
Incidence rates of treatment-emergent EPS were assessed by rating scale scores at endpoint (ie, last visit in doubleblind phase: LAI studies, day 92; oral studies, day 43) and compared in patients in the paliperidone-LAI and oral paliperidone treatment groups for parkinsonism as the percentage of patients with an SAS total score .0.3, where the SAS total score was defined as the total sum of items score divided by the number of items; for akathisia as the percentage of patients with a BARS global clinical rating score $2; and for dyskinesia as the percentage of patients with a score $3 on any of the first seven items or a score $2 on two or more of any of the first seven items of AIMS. Percentages were calculated based on number of patients in the safety analysis set per treatment group.
spontaneously reported ePs-related Teaes
The study analysis plans predefined EPS-related TEAEs using MedDRA preferred terms (version 11 or above). They were summarized by treatment groups, namely parkinsonism, tremor, dystonia, hyperkinesia, and dyskinesia (Table 2) . Incidence rates of spontaneously reported EPS-related TEAEs were grouped by the time period of onset, ie, days 1-8, days 9-36, days 37-64, and day 64 onwards.
Use of anti-ePs medication
Anti-EPS medication use to treat emergent EPS is an indirect measure of clinically relevant EPS-related TEAEs. 26 In this pooled analysis, it was calculated as the proportion of patients in each treatment group who had at least one dose of an anti-EPS medication (eg, trihexyphenidyl, benzatropine, biperiden) or an antihistamine with ancillary anticholinergic activity (eg, diphenhydramine, hydroxyzine) during the double-blind study period.
statistical analyses
For the current analyses, pooled data from all patients in the safety analysis set (included all randomized and treated patients who received at least one dose during the double-blind phase) from paliperidone studies were included. Changes in scores from baseline in the AIMS, BARS, and SAS total scores are presented by treatment groups using descriptive statistics. Change from baseline to endpoint for each EPS rating scale scores were analyzed using an analysis of covariance (ANCOVA) model, with type of study (LAI versus oral) as factor and baseline score as covariate. The differences in least-square (LS) means (oral paliperidone group minus paliperidone-LAI group) and 95% confidence intervals (CIs) were calculated for all three parameters. The incidences of spontaneously reported TEAEs grouped by time period of onset are presented by treatment group (LAI versus oral) in the pooled data using descriptive statistics. Graphic plots of the mean values for each EPS rating scale are plotted at each assessment time point by type of study (LAI versus oral) and dose group within each study type. To enable assessment of dose relationship to EPS, each dose group was plotted separately.
Results
Demographic and clinical characteristics
A total of 2256 antipsychotic-treated patients (paliperidone-LAI group, n = 1293; oral paliperidone group, n = 963) were included in the analysis. Demographic and baseline characteristics are provided in Table 3 .
ePs rating scale scores Table 4 . At individual study endpoints, the LS means difference between the groups was significant at the 5% level for the BARS (P = 0.023) and SAS (P , 0.0001) total score, but not for AIMS ( Incidence rates of treatment-emergent EPS, as identified by EPS rating scale scores, were numerically lower in the paliperidone-LAI group than in the oral paliperidone group (Table 5) .
spontaneously reported Teaes
The overall incidences of spontaneously reported EPSrelated TEAEs, and the total incidences in each category (except for hyperkinesia) were numerically lower in the pooled LAI studies than in the pooled oral studies ( Table 6 ). The most frequently reported were parkinsonism and dyskinesia ($5% of patients) in the oral paliperidone group and parkinsonism ($2% of patients) in the paliperidone-LAI group. Numerically, the highest incidence of EPS-related TEAEs was observed between days 1 and 8 of treatment in the oral paliperidone (for all except parkinsonism and tremor, which had the highest incidence between days 9 and 36) and paliperidone-LAI (for all except dyskinesia which had the highest incidence between days 9 and 36) groups (Table 6 ).
Use of anti-ePs medication
At screening, anti-EPS medication usage was significantly higher (P = 0.0002) in the pooled paliperidone-LAI group (31%) compared with the pooled oral paliperidone group (23%). In contrast, during the double-blind phase, anti-EPS medication use was significantly lower (P = 0.0035) in the pooled paliperidone-LAI group (12%; LAI placebo, 12%) versus the pooled oral paliperidone group (17%; oral placebo, 10%). The most commonly used anti-EPS medication(s) (.5%) in the pooled paliperidone-LAI group was benzatropine (8%) and in the pooled oral paliperidone group were biperiden (7%) and benzatropine (5%). 
Discussion
The goal of this posthoc descriptive analysis was to compare EPS-related safety data between studies of oral paliperidone and the paliperidone-LAI formulation. The results suggest that the "loading dose" initiation regimen for paliperidone-LAI does not lead to higher EPS rates compared with the oral ER formulation in patients with acute schizophrenia. Indeed, during maintenance treatment, EPS rates were generally numerically lower for the paliperidone-LAI formulation. Despite a two-fold longer follow-up time for the paliperidone-LAI group, the results support an overall advantage in terms of EPS rating scale scores and EPS-related TEAEs for paliperidone-LAI compared with oral paliperidone. This difference is supported by the greater reduction in total scores for AIMS, BARS and SAS, comparable mean rating scale scores, a numerically lower incidence of spontaneously reported EPS-related TEAEs and a lower percentage of patients using anti-EPS medication in the pooled paliperidone-LAI group versus the pooled oral paliperidone group. Rates of dystonia were notably lower for the LAI as compared with oral paliperidone (by nearly three-fold). These findings should be interpreted with caution because the difference could potentially be due to variations in the initiation regimens used in the earlier versus later LAI studies.
The consistent drop in the EPS rating scale (AIMS, BARS, SAS) scores from screening to baseline can potentially be explained by discontinuation of the previous antipsychotic and/or the withdrawal dyskinesia phenomenon. The EPS rating scale scores showed an overall improvement from screening to endpoint for all groups; the improvement statistically favoring LAI for BARS and SAS, but not AIMS. Overall, the means of these improvements in rating scale scores were comparable between the LAI and oral studies, without any evidence for a dose relationship. Despite greater prescreening use of anticholinergic medications and about 25% greater exposure during doubleblind treatment, fewer patients in the pooled studies using paliperidone-LAI required anti-EPS medication versus anticholinergic usage requirements in similar phases of the pooled oral studies.
Although the overall incidence of individual categories of EPS-related TEAEs was low (range 1%-7%) with both formulations, the overall incidence of all categories, except hyperkinesia, was numerically higher in the pooled oral paliperidone studies than in the pooled paliperidone-LAI studies despite less exposure in the pooled oral studies. For the most part, the highest incidence of EPS-related spontaneously reported TEAEs was seen as early as in the first week of paliperidone-LAI (for all except dyskinesia) and oral paliperidone treatment (for all except for parkinsonism and tremor). In the oral paliperidone studies, the incidence of tremor and parkinsonism was highest between days 9 and 36; however, the overall incidence was comparable with that observed between days 1 and 8. A low incidence of EPS-related TEAEs was observed in the LAI studies after day 43; the oral studies ended at this time point. The incidence of spontaneously reported TEAEs in this analysis generally corresponds well with the rating scale findings.
One hypothesis for potentially overall lower occurrence of EPS with paliperidone-LAI versus the oral formulation would be that, despite higher LAI initiation doses in the first week of treatment, the release rate leads to relatively lower plasma concentrations for comparable doses of paliperidone-LAI versus the oral formulation. A number of design features of the paliperidone-LAI studies could also help explain the lower incidence rate. In all of the Phase 2/3 efficacy studies for paliperidone-LAI, patients were required to have demonstrated tolerability to risperidone or paliperidone before Difference of lsM represents oral paliperidone minus paliperidone lai at endpoint; *P = 0.023; **P , 0.0001. Abbreviations: AIMS, Abnormal Involuntary Movement Scale; BARS, Barnes Akathisia Rating Scale; CI, confidence interval; EPS, extrapyramidal symptoms; LAI, long-acting injectable; lsM, least squares mean; PBO, placebo; sas, simpson angus rating scale; sD, standard deviation; Oral-PBO, placebo group in oral paliperidone studies; lai-PBO, placebo group in lai studies. Notes: Doses of paliperidone-lai shown are in mg eq.. Number of patients in each treatment (by dose) group changed over time. One lai study, which included treatment groups of lai placebo, lai 50 mg eq., and lai 100 mg eq., had aiMs, Bars, and sas measured at days −7, 1, 8, 15, 36, 43, 64, and 92. The rest of the three lai studies, which when combined included treatment groups of lai placebo, lai 25 mg eq., lai 50 mg eq., lai 100 mg eq., and lai 150 mg eq., had aiMs, Bars, and sas measured at days −7, 1, 8, and 92. Three oral studies, which when combined included treatment groups of oral placebo, 3 mg, 6 mg, 9 mg, 12 mg, and 15 mg, had aiMs, Bars, and sas measured at days 1, 8, 15, 22, 29, 36 , and 43. lai results for time points from days 15 to 64 are only from one study; data were not collected on day 22 and 29 in any of the lai studies; hence the gaps in graphs. Abbreviations: aiMs, abnormal involuntary Movement scale; Bars, Barnes akathisia rating scale; lai, long-acting injectable; lai-PBO, placebo group in lai studies; mg eq, milligram equivalent; Oral-PBO, placebo group in oral studies; sas, simpson angus scale. receiving an injection. Patients without documented evidence of tolerability were required to undergo a short period of tolerability testing with oral paliperidone for 2-7 days before the first injection in the double-blind phase. In clinical use, a similar oral tolerability testing is recommended for the LAI formulation for those patients without prior exposure to risperidone or paliperidone.
The results of this comparison between oral paliperidone and paliperidone-LAI must be interpreted cautiously, in light of some important limitations. The original studies were not For three lai studies, data were collected through day 92; for one lai study data were collected through day 64; b for all oral studies, data were collected through day 43; zero means no ae with onset in this time interval. Abbreviations: ae, adverse event; ePs, extrapyramidal symptoms; er, extended-release; lai, long-acting injectable; lai-PBO, placebo group in lai studies; Na, not assessed in this time interval; Oral-PBO, placebo group in oral paliperidone studies; Teae, treatment-emergent adverse event. (7) 110 (11) 36 (7) 32 (9) akathisia b 55 (4) 66 (7) 23 (5) 22 ( percentage of patients with a score $3 on any of the first seven items or a score $2 on two or more of any of the first seven items of AIMS at endpoint. Abbreviations: AIMS, Abnormal Involuntary Movement Scale; BARS, Barnes Akathisia Rating Scale; CI, confidence interval; EPS, extrapyramidal symptoms; ER, extendedrelease; lai, long-acting injectable; lai-PBO, placebo group in lai studies; ls Mean Diff, difference of least square means; Oral-PBO, placebo group in oral paliperidone studies; sas, simpson angus scale.
designed to detect differences in rates of EPS-related TEAEs between doses or groups, and the studies were done in different groups of countries at different times, which introduces other potential confounds. Although all LAI studies allowed treatment with oral paliperidone for several days as part of tolerability testing and also included two doses at initiation one week apart, only three of the four LAI studies (and only one arm of the fourth study) employed the currently recommended initiation dosing regimen (ie, 150 mg eq. on day 1 and 100 mg eq. on day 8). 12 An additional limitation is that prior antipsychotic medication use was not controlled for and could have been different between the oral and LAI groups. In addition, factors that may moderate risk for experiencing EPS are not well understood. 
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extrapyramidal symptoms with paliperidone long-acting injectable disorders, age, duration of antipsychotic exposure, and history of substance abuse, none of which were explored in this analysis, have all been suggested to increase EPS risk. [27] [28] [29] Thus, this pooled EPS tolerability data cannot specify an individual patient's risk for developing EPS in clinical settings.
The schedule of assessment visits was similar in the oral and LAI studies included in this pooled analysis, except that EPS assessments were not collected on day 22 and 29 in any of the LAI studies and were collected for days 15, 36, 43, and 64 in only one LAI study. Another likely limitation could be that because EPS-related TEAE were categorized based on MedDRA terms, it was not possible to distinguish benign essential tremors from parkinsonian tremors, which may have very distinct clinical and physiologic implications. Such categorization also artificially separates parkinsonism from parkinsonian tremors, which are generally considered part of the same construct. For assessing use of anti-EPS medication, only anticholinergic and antihistamine medications were examined in this analysis. Other medications, such as beta-blockers and benzodiazepines, while commonly used to treat akathisia, are also used to treat other conditions, making it difficult to interpret the rate of use of these medications for treating EPS. Finally, this study does not address the severity of the EPS-related TEAEs examined and was not powered to address the issue of dose response.
A lower incidence of EPS-related TEAEs as observed in this study of paliperidone-LAI and in the studies with risperidone LAI, [30] [31] [32] is important from the perspective of patient tolerability and long-term adherence with antipsychotic therapy. 33 Having similar or lower EPS-related TEAEs and higher rates of adherence may encourage the use of LAI therapies and increase the overall adherence rates for patients with schizophrenia.
Conclusion
This posthoc descriptive analysis shows that incidence rates of spontaneously reported EPS-related TEAEs were generally numerically lower following approximately 90 days of exposure to paliperidone-LAI compared with approximately 40 days of exposure to oral paliperidone. These results further suggest that the loading dose initiation regimen for paliperidone-LAI does not lead to EPS rates higher than those associated with the oral extended-release ER formulation.
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